Introduction {#S0001}
============

Liver cancer is a common malignancy, the sixth most common in the world and second in terms of factors related to tumor-related mortality. Epidemiological studies have shown that the number of new cases and deaths due to liver cancer reached \~800,000 in 2018.[@CIT0001],[@CIT0002] The morbidity of liver cancer is relatively high in China; it has gradually increased along with environmental and lifestyle changes.[@CIT0003] Despite considerable progress in the diagnosis and treatment of liver cancer, the long-term prognosis remains poor. The relative 5-year survival rate is 16.6%; tumors are diagnosed while still localized in 43% of patients. The 5-year relative survival rate is 30.5%.[@CIT0001],[@CIT0004],[@CIT0005] Despite considerable progress in the clinical diagnosis and treatment of cancer, survival rates remain comparatively low.[@CIT0006] Our understanding of liver cancer cells has become progressively detailed with the evolution of molecular biology, but the pathogenesis of liver cancer requires further investigation to determine and refine appropriate treatment strategies.

Long non-coding RNA (lncRNA) is defined as a class of transcripts \>200 nt that are involved in the regulation of multiple diseases through involvement in processes including transcriptional regulation, modification, and epigenetic changes.[@CIT0007]--[@CIT0009] Accumulating evidence shows that lncRNA play crucial roles in cancer cells;[@CIT0010] MT1JP is an lncRNA that is abnormally expressed in multiple cancers.[@CIT0011],[@CIT0012] The downregulation or upregulation of MT1JP provokes changes in the expression of many cancer-related mRNA molecules,[@CIT0013] suggesting that it is essential to maintain normal cellular activities, playing a crucial role as a tumor inhibitor.[@CIT0014] Overexpression of MT1JP inhibits the proliferation, migration and invasion of gastric cancer cells.[@CIT0015] However, little is known about MT1JP and how it is regulated in liver cancer cells. Therefore, we determined the effects of MT1JP expression on the regulation of their behavior.

Patients and Methods {#S0002}
====================

General Information {#S0002-S2001}
-------------------

The study included 116 patients diagnosed with liver cancer who had been admitted to the Second People's Hospital of Liaocheng and 112 healthy persons who concurrently underwent physical examinations at the same hospital as controls. Serum, liver cancer and paracancerous tissues were collected from the patients, with only serum collected from the controls. The Ethics Committee at the Second People's Hospital of Liaocheng approved the experimental protocol and the study was conducted in accordance with the Declaration of Helsinki. All enrolled patients and healthy volunteers provided written informed consent to participate.

The inclusion criteria were: liver cancer diagnosis confirmed by imaging and pathological biopsy, expected survival \>3 months, complete clinical data and good compliance, and without targeted tumor therapy (surgery, radiotherapy, chemotherapy) before starting this study.

The exclusion criteria were patients who were not accompanied by their families at the time of admission, autoimmune system defects, infection before admission, and refusal to provide experimental specimens.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Human normal hepatocytes (THLE-3) and the Huh-7, HLE, Hep3B, and MHCC97-H hepatoma cell lines (Cat. Nos. MJ-1908, MJ1403, MJ-1328, CM-1305, CM-1529, respectively; Shanghai Mingjing Biotechnology Co., Ltd., Shanghai, China) were incubated in DMEM containing 10% fetal bovine serum (Cat. No: SH30243.01; HyClone Laboratories Inc., San Angelo, TX, USA) at 37°C in a 5% CO~2~ atmosphere. When cells reached 85% confluence, 25% pancreatin was added for digestion, then cells were maintained in the medium. The Huh-7 and Hep3B cell lines were transfected with miR-24-3p-inhibitor (inhibitory sequence), miR negative control (miR-NC), blank control (vector), or MT1JP (pcDNA-MT1JP) using Lipofectamine™ 2000 kits (Cat. No: 11668--019; Invitrogen, Carlsbad, CA, USA), as described in the instructions provided with the kit.

Quantitative RT-PCR {#S0002-S2003}
-------------------

The purity and concentration of total RNA extracted using Trizol reagent (Cat. No. 12183555; Invitrogen) were determined using a DR5000 ultraviolet-visible spectrophotometer (Bio-Rad Laboratories Inc., Hercules, CA, USA). The RNA was reverse-transcribed using a kit (Cat. No. AB-4366596; Invitrogen, USA), according to instructions of the manufacturer. The cDNA was amplified and quantified by PCR using custom synthesized primers (Shanghai Sangon Biotech Co., Ltd. Shanghai, China) and SYBR Premix Ex Taq (Cat. No. DRR041A; Takara Bio Inc., Kusatsu, Japan) using an ABI PRISM 7000 (Applied Biosystems, Waltham, MA, USA) instrument. The internal references for MT1JP and miR-214-3p were *GAPDH* and *U6*, respectively. The respective forward and reverse primers were: MT1JP, 5′-GCAAAGGGACGTCGGAGA-3′ and 5′-TCCAGGTTGCAGTTGTT-3′; GAPDH, 5′-GCACCGTCAAGGCTGGAAC-3′ and 5′-TGGTGAAGCGCCAGTGGA-3′; miR-214-3p forward, 5′-ACAGCAGGCACAGAGAGGGG-3ʹ and miR-24-3p reverse 5′-CTGGCTCAGTTCAGCAGGAACAG-3′; U6, 5′ -CTCGCTTCGGCAGCACA-3′ and 5′-CTCGCTTCGGCAGCACA-3′. The reaction proceeded by pre-denaturation at 95°C for 30 s, followed by 40 cycles of denaturation at 95°C for 5 s, then annealing and extension at 60°C for 30 s. The results were calculated using 2^−ΔΔct^.

Western Blotting {#S0002-S2004}
----------------

Harvested cells were lysed with RIPA buffer (Cat. No. 89901; Thermo Fisher Scientific Co. Ltd., Waltham, MA, USA). Proteins were quantified using BCA kits (Cat. No. P0012S; Beyotime Biotechnology, Shanghai, China), resolved by SDS-PAGE, and transferred to nitrocellulose membranes. Non-specific binding was blocked with 5% skim milk in PBS at room temperature for 1 h. Membranes were immersed in primary antibodies to Caspase 3, Caspase 9, Bax, Bcl-2, MMP-2, MMP-9, and β-actin (Cat. No. ab13847, ab32539, ab32503, ab185002, ab92536, ab76003, ab8226 respectively; Abcam Plc., Cambridge, UK) diluted 1:1000, and left at 4°C overnight. Membranes were washed, incubated with horseradish peroxidase-labeled goat anti-rabbit secondary antibody (Cat. No. ab205718; Abcam Plc. diluted 1:1000) for 1 h at 37°C, then washed with PBS. Proteins were visualized using ECL luminescent reagent (Cat. No. 34096; Thermo Fisher Scientific Co., Ltd.). The internal reference protein was β-actin; the relative expression level of the test protein was calculated as the gray value of the test band/gray value of β-actin.

Detection of Cell Proliferation {#S0002-S2005}
-------------------------------

Cell proliferation was quantified three times using MTT assay kits (Cat. No. V13154; Thermo Fisher Scientific Co., Ltd.) as follows. Transfected cells (5 × 10^3^/100 μL) were incubated in 96-well plates for 24, 48, 72, and 96 h at 37°C in a 5% CO~2~ atmosphere. The culture medium on the upper layer was discarded and cells were incubated with MTT solution (20 μL) for 4 h. Thereafter, dimethyl sulfoxide (150 µL) was added. Plates were shaken for 5--10 min to completely dissolve purple formazan crystals. Absorbance was measured at 450 nm using a Multiskan™ GO full wavelength microplate reader (Thermo Fisher Scientific Co., Ltd.).

Apoptosis Assays {#S0002-S2006}
----------------

Apoptosis was detected using V13241 Annexin V-FITC/PI kits (Thermo Fisher Scientific Co., Ltd.) and digestion was carried out after transfection. Harvested cells were washed twice with PBS and suspended in 100 μL of binding buffer (1 × 10^6^ cells/mL). Annexin V-FITC and PI (5 μL each) were sequentially added and the suspension was incubated for 5 min at room temperature in darkness. Apoptosis was then assessed using a FACScan flow cytometer (Becton Dickinson Becton Dickinson and Co., Franklin Lakes, NJ, USA). Data were analyzed using the Phoenix Flow System (Innovative Cell Technologies Inc., San Diego, CA, USA). Results are presented as averages of three experiments.

Cell Migration {#S0002-S2007}
--------------

Cell migration was evaluated using scratch-healing tests. Monolayers were scratched using sterilized 100 μL disposable pipette tips perpendicular to the horizontal plane to minimize differences in scratch width. The medium was removed and cells were washed three times with PBS to remove cell debris. Serum-free medium was added and cell migration was assessed by microscopy at 0 and 24 h after cell division.

Detection of Dual Luciferase {#S0002-S2008}
----------------------------

Target genes were predicted using starBase v3.0. PrimGLO-MT1JP-wt and primGLO-MT1JP-mut vectors were constructed and co-transfected into cells with a miR-24-3p mimetic or miR-NC, respectively. Cells were cultured for 48 h in 96-well plates. Luciferase was measured using a dual-luciferase reporter gene assay system (Promega Corp., Madison, WI, USA) as described by the manufacturer.

RNA-Binding Protein Immunoprecipitation (RIP) {#S0002-S2009}
---------------------------------------------

Binding targets were assessed using RIP kits (Cat. No. 17--701; BIOMARS Technology Development Co., Ltd, Beijing, China) as described by the manufacturer. Cells were suspended in chilled PBS, the supernatant was discarded, and lysates were prepared in RIP lysate solution. Whole-cell protein extracts were washed with RIP wash buffer containing magnetic beads bound to Ago2 antibody or immunoglobulin G (IgG) control. Proteins and immunoprecipitated RNA were digested using protease K. Binding targets in purified RNA were confirmed by qRT-PCR.

Statistical Analyses {#S0002-S2010}
--------------------

Data were statistically analyzed using SPSS 20.0 (IBM Corp., Armonk, NY, USA), and visualized using GraphPad 7 (GraphPad Software, San Diego, CA, USA). Between-group comparisons proceeded using *t*-tests, and multiple groups were compared using one-way analyses of variance. Post hoc pairwise comparisons were conducted using LSD *t*-tests. The diagnostic value of MT1JP in liver cancer was determined using receiver operator characteristics (ROC) curves. Correlations between MT1JP and miR-24-3p were analyzed using Pearson χ^2^ tests. Values of p \< 0.05 were considered statistically significant.

Results {#S0003}
=======

lncRNA MT1JP Expression in Liver Cancer {#S0003-S2001}
---------------------------------------

The qRT-PCR results showed significant MT1JP downregulation in cancer tissues and serum samples from patients with liver cancer (P \< 0.05; [Figure 1](#F0001){ref-type="fig"}), suggesting that serum MT1JP values could be used for diagnosis (AUC, 0.9147; sensitivity, 87.07%; specificity, 87.5%). However, miR-24-3p expression was significantly higher in tumor tissues than paracancerous tissues (P \< 0.05). Furthermore, the expression of MT1JP was significantly decreased, whereas that of miR-24-3p was significantly higher in the hepatoma cell lines Huh-7, HLE, Hep3B, and mhc97-h than in the hepatic epithelial cell line THLE-3 (P \< 0.05).Figure 1Expression of lncRNA MT1JP in liver cancer. MT1JP expression in hepatocellular carcinoma tissue (**A**) and in serum of patients with liver cancer (**B**). Diagnostic value of serum MT1JP for liver cancer (**C**). Expression of miR-24-3p in hepatocellular carcinoma tissue (**D**). Comparison of MT1JP (**E**) and miR-24-3p (**F**) expression in various hepatocellular carcinoma cell lines (\*P \< 0.05). lncRNA, long non-coding RNA.

Relationship Between lncRNA MT1JP and Liver Cancer Pathology {#S0003-S2002}
------------------------------------------------------------

[Table 1](#T0001){ref-type="table"} shows the relationship between MT1JP expression and patient pathological characteristics. The expression of MT1JP significantly differed according to tumor size, alpha-fetoprotein (AFP), TNM stage, differentiation, lymph node metastasis, and other aspects of liver cancer, but not according to gender, age, and comorbid hepatitis (P \> 0.05 for both). ROC curves indicated that MT1JP can distinguish tumor size, AFP, TNM stage, differentiation, and lymph node metastasis ([Figure 2](#F0002){ref-type="fig"}), with significant diagnostic value ([Table 2](#T0002){ref-type="table"}).Table 1Relationships Between lncRNA MT1JP and Pathological CharacteristicsnMT1JPx^2^/tPGender0.270.79 Male700.71±0.18 Female460.70±0.19Age (y)1.730.09 \<55490.74±0.18 ≥55670.68±0.18Tumor size (cm)5.77\<0.05 ≥5620.63±0.14 \<5540.80±0.18Combined with hepatitis1.310.19 Yes950.68±0.19 No210.75±0.14AFP (ng/mL)6.96\<0.05 \<200400.84±0.14 ≥200760.64±0.16TNM stage6.11\<0.05 I+II470.82±0.15 III+IV690.63±0.16Differentiation7.26\<0.05 Poor390.57±0.14 Moderate + high770.78±0.16Lymph node metastasis7.85\<0.05 Yes650.61±0.14 No510.83±0.15 Table 2ROC ParametersAUC95% CISensitivitySpecificityCutoffTumor size0.7750.689--0.86377.78%74.19%\>0.71AFP0.8350.763--0.90771.05%85.00%\<0.71TNM stage0.7860.704--0.86886.96%59.58%\<0.80Differentiation0.8420.770--0.91558.44%94.87%\>0.75LN metastasis0.8400.770--0.91162.75%92.31%\>0.80[^1] Figure 2Relationship between lncRNA MT1JP and pathological characteristics of liver cancer. Expression and diagnostic value of MT1JP in liver tumors with different (**A**) sizes, (**B**) AFP levels, (**C**) TNM stages (**D**) types of cancer and (**E**) lymph node metastases (\*P \< 0.05). lncRNA, long non-coding RNA.

lncRNA MT1JP on Apoptosis and Migration of Hepatocellular Carcinoma Cells {#S0003-S2003}
-------------------------------------------------------------------------

The expression of MT1JP in transfected Huh-7 and Hep3B cell lines was upregulated ([Figure 3](#F0003){ref-type="fig"}), whereas cell proliferation and migration were inhibited and apoptosis rates were increased. The expression of the cell migration-associated proteins MMP-2 and MMP-9, as well as that of Bcl-2 was remarkably downregulated (P \< 0.05 for all). In contrast, Bax, Caspase-3, and Caspase-9 expression was upregulated (P \< 0.05 for all).Figure 3Effect of lncRNA MT1JP on apoptosis and migration of hepatocellular carcinoma cells. Expression of MT1JP after transfection (**A**). Proliferation (**B**), migration and (**C**) apoptosis rates of live cancer cells after transfection with different genes (**D**). Expression of apoptosis- and migration-associated proteins in liver cancer cells after transfection with different genes (**E**). Maps of apoptosis- and migration-associated proteins (**F**). Apoptosis profiles of liver cancer cells after transfection with different genes (**G**). \*P \< 0.05 vs vector.

Effects of miR-24-3p on Apoptosis and Migration of Hepatocellular Carcinoma Cells {#S0003-S2004}
---------------------------------------------------------------------------------

[Figure 4](#F0004){ref-type="fig"} shows that inhibiting miR-24-3p expression in Huh-7 and Hep3B cells resulted in the downregulation of miR-24-3p, the inhibition of proliferation and migration, and increased apoptosis. In addition, the expression of Bcl-2, MMP-2 and MMP-9 was remarkably downregulated (P \< 0.05 for all), whereas that of Bax, Caspase-3, and Caspase-9 was upregulated (P \< 0.05 for all).Figure 4Effects of miR-24-3p on apoptosis and migration of hepatocellular carcinoma cells. Expression of miR-24-3p after transfection (**A**). Proliferation (**B**), migration and (**C**) apoptosis rates of cancer cells after transfection with different genes (**D**). Expression of apoptosis- and migration-associated proteins in liver cancer cells after transfection with different genes (**E**). Maps of apoptosis- and migration-associated proteins (**F**). Apoptosis profiles of liver cancer cells after transfection with different genes (**G**). \*P \< 0.05 vs miR-NC.

Targeted Relationship Between lncRNA MT1JP and miR-24-3p {#S0003-S2005}
--------------------------------------------------------

We found a targeted binding site between MT1JP and miR-24-3p using starBase v3.0 software ([Figure 5](#F0005){ref-type="fig"}). The results of dual-luciferase reporter assays revealed considerably reduced fluorescence activity of MT1JP-Wt. Moreover, RIP assays showed increased MT1JP and miR-24-3p enrichment after immunoprecipitation with anti-Ago2, compared with IgG. The overexpression of MT1JP downregulated miR-24-3p (P \< 0.05) MT1JP and miR-24-3p expression were negatively correlated in liver cancer tissues (r = −0.561, P \< 0.001; Pearson tests).Figure 5Targeting relationship between lncRNA MT1JP and miR-24-3p. Database prediction that MT1JP and miR-24-3p have binding sites (**A**). Dual-luciferase reporter gene (**B**). Relationship between MT1JP and miR-24-3p verified by RIP (**C**). Change in miR-24-3p level after MT1JP overexpression (**D**). Correlation between MT1JP and miR-24-3p in liver cancer tissue (**E**). \*P \< 0.05; Pearson χ^2^ tests.

Rescue Experiment {#S0003-S2006}
-----------------

We co-transfected pcDNA-MT1JP + miR-24-3p mimics into Huh-7 and Hep3B cells to further explore the mechanisms underlying the effects of MT1JP on hepatoma cells ([Figure 6](#F0006){ref-type="fig"}). The mimics did not alter cell proliferation, migration, and apoptosis compared with the blank vector (P \> 0.05), but relieved the inhibition of cell proliferation and migration. They reduced apoptosis compared with pcDNA-MT1JP. Therefore, miR-24-3p upregulation could alleviate the inhibition of proliferation and migration caused by MT1JP overexpression.Figure 6Rescue experiment. MT1JP expression after co-transfection (**A**). Comparison of hepatoma cell activity (**B**), migration (**C**), and apoptosis (**D**) after co-transfection. Expression of apoptosis- and migration-associated proteins in liver cancer cells after co-transfection (**E**). Images of apoptosis- and migration-associated proteins (**F**) and hepatoma cell apoptosis after co-transfection (**G**). \*P \< 0.05.

Discussion {#S0004}
==========

Hepatocellular carcinoma and cholangiocarcinoma are common liver cancers worldwide.[@CIT0016] The occurrence of liver cancer varies due to factors including gender and geography. Among these, the primary risk factors include infection (endemic liver flukes, hepatitis B, and C viruses), cigarette smoking, alcohol consumption, obesity, and aflatoxin (AFP),[@CIT0017] which is clinically applied as a liver cancer screen, although it is limited by low sensitivity.[@CIT0018] Accumulated evidence shows that lncRNAs participate in cell differentiation, proliferation, and apoptosis, and can serve as tumor biomarkers.[@CIT0019] They are also involved in the occurrence and development of liver cancer.[@CIT0020] MT1JP is located in a cluster on chromosome 16 with several homologous genes in the metallothionein family.[@CIT0021] As a tumor suppressor, MT1JP affects proliferation by regulating p53 protein expression.[@CIT0021],[@CIT0022]

We found that MT1JP was significantly downregulated in liver cancer and that in serum MT1JP could be used to diagnose liver cancer. It is similarly downregulated in breast,[@CIT0021] gastric,[@CIT0023] and bladder[@CIT0024] cancers. Together, these findings suggest that MT1JP plays anti-cancer roles in tumors. The presence of serum markers can distinguish disease states and pathological types in patients.[@CIT0025] Diagnostic ROC curves showed that MT1JP expression has some diagnostic value in terms of differences in tumor size, AFP, TNM stage, differentiation, and lymph node metastasis. Serum MT1JP levels gradually decrease as tumors deteriorate and the degree of tumor differentiation decreases. Therefore, serum MT1JP has potential as a biomarker for diagnosis and treatment. However, the activities of MT1JP in liver cancer have not been reported.

Apoptosis is the orderly and autonomous physiological death of cells under specific physiological or pathological conditions. It is mainly controlled by genes encoding the caspase and Bcl-2 families of proteins.[@CIT0026] Disordered apoptosis causes changes in cell-growth cycles that will eventually lead to the occurrence of pathological states.[@CIT0027] Long non-coding RNA participates in the regulation of apoptosis, affects cell proliferation and differentiation, and thus is relevant to disease processes.[@CIT0028] Migration is a basic cellular function that is involved in physiological and pathological behaviors such as tumor cell proliferation, embryo development, and wound healing.[@CIT0029],[@CIT0030] We showed here that MT1JP overexpression significantly inhibited the proliferation and migration of liver cancer cells, increased apoptosis rates, downregulated the expression of Bcl-2 and migration-related proteins MMP-2 and MMP-9, and upregulated that of the apoptosis-related proteins Bax, Caspase-3, and Caspase-9. These findings suggest that MT1JP could inhibit tumors and therefore serve as a therapeutic target for liver cancer. Nevertheless, further details of the mechanism of MT1JP remain obscure.

An imbalance of miR-24-3p has been shown to contribute to the progression of multiple cancers, including liver cancer, in which it is upregulated.[@CIT0031] Although low levels of miR-24-3p were found in liver cancer tissues and cell lines in the present study, inhibiting such expression still reduced proliferation and migration and significantly increased rates of apoptosis. These findings were similar to those of Fan et al,[@CIT0032] and suggest that miR-24-3p could serve as a target gene for LncRNA CASC2 to treat liver cancer. Notably, lncRNA, acting as a "molecular sponge" by combining with endogenous miRNA, participates in the regulation of tumorigenesis.[@CIT0033] Ma et al[@CIT0033] proposed that lncRNA MT1JP inhibits tumor cell proliferation and increases apoptosis by regulating the miRNA-423-3p/Bim axis in non-small cell lung cancer. MT1JP regulates the progression of gastric cancer through competitively binding to miR-92A-3P.[@CIT0023] We identified a regulatory relationship between MT1JP and miR-24-3p using online tools, then verified it using dual-luciferase reporter assays. Enrichment between the two determined in the RIP experiment further confirmed the ceRNA relationship between MT1JP and miR-24-3p. Pearson χ^2^ tests negatively correlated MT1JP and miR-24-3p expression in liver cancer tissues. Therefore, MT1JP mediates miR-24-3p expression to regulate the behavior of liver cancer cells. Finally, our rescue experiments showed that upregulating miR-24-3p expression counteracted the inhibition of MT1JP overexpression on proliferation and migration of hepatoma cells, further clarifying the regulatory relationship between MT1JP and miR-24-3p.

The present study has some limitations. The long-term prognosis of patients with liver cancer was not investigated; whether MT1JP is associated with their prognosis awaits further investigation. Growth inhibition effects in tumor-bearing nude mice, the mechanism of MT1JP action, and its relevance to liver cancer should be further explored.

To summarize, MT1JP is expressed at remarkably low levels in liver cancer, but it participates in the proliferation, apoptosis, and migration of liver cancer cells by regulating miR-24-3p.
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[^1]: **Abbreviations:** AFP, alpha-fetoprotein; AUC, area under the ROC curve; CI, confidence interval; LN, lymph node; ROC, receiver operator characteristics; TNM, tumor, nodes and metastasis.
